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APPARATUS AND METHOD FOR 
MEASURING ECCENTRICITY OF 

ASPHERICAL SURFACE 

This application claims priority to Japanese Patent Appli 
cation No. 2003-378409 ?led 07 Nov. 2003, the content of 
Which is incorporated herein by reference in its entirety. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to an apparatus for measuring the 

eccentricity of an aspherical surface that facilitates the 
measurement of the amount of eccentricity of an aspherical 
lens and a method for measuring the same. 

2. Description of Related Art 
Optical lenses using aspherical surfaces have come to be 

Widely applied. Since it is very di?icult that aspherical 
lenses are con?gured by grinding, molding methods using 
molds are populariZed. HoWever, the face-to-face eccentric 
ity of the aspherical lens is caused by an insufficient adjust 
ment of the mold in molding, and the aspherical lens 
undergoes the degradation of optical performance When 
optical modules are ?nally assembled. Consequently, for the 
purpose not only of improving the optical performance, but 
also of readjusting the mold in molding, a measuring device 
measuring the eccentricity of the aspherical lens after mold 
ing, is essential. 
A conventional apparatus for measuring the eccentricity 

of the aspherical lens is set forth, for example, in Japanese 
Patent Kokai No. Hei 07-229811. 

In a method for measuring the eccentricity that uses this 
apparatus, the coordinates of an aspherical surface to be 
examined, of the aspherical lens are measured at a plurality 
of places to perform ?tting of a measured result to design 
data of a virtually decentered aspherical surface to be 
examined so that the eccentricity of the aspherical surface is 
determined from the amount of eccentricity that a difference 
betWeen both is minimiZed. 

SUMMARY OF THE INVENTION 

The apparatus for measuring the eccentricity of the 
aspherical surface, according to the present invention, com 
prises a light source unit; a condenser lens condensing light 
rays Q1 emitted from the light source unit in the proximity 
of the center of paraxial curvature of a surface A to be 
examined, of the aspherical lens; an angle changing means 
for entering the rays Q1 emitted from the light source unit 
on the surfaceAat angles 61i (i:1, 2, . . . , N) With an optical 
axis AX; a holding tool holding the aspherical lens; a 
light-splitting element interposed betWeen the angle chang 
ing means and the holding tool; an imaging lens collecting 
light re?ected by the light-splitting element; a light-detect 
ing element detecting the situation of light collected by the 
imaging lens; and an arithmetical unit. The arithmetical unit 
includes the processes of storing spot positions Plmi (i:1, 
2, . . . , N) derived from the light-detecting element With 

respect to light rays Q1i (i:1, 2, . . . , N) produced by the 
angle changing means; calculating spot positions Pli (i:1, 
2, . . . , N) relative to the rays Q1i (i:1, 2, . . . , N) on the 

basis of the design data of the surface A; and calculating the 
amount of eccentricity of the surfaceA from amounts of shift 
APli (i:1, 2, . . . , N) betWeen the spot positions Pli (i:1, 
2, . . . , N) and the spot positions Plmi (i:1, 2, . . . , N). 

The apparatus for measuring the eccentricity of the 
aspherical surface, according to the present invention, com 
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2 
prises a second light source unit placed on the opposite side 
of the light source unit in the construction mentioned above, 
With the holding tool betWeen them; a second condenser lens 
placed on the optical axis AX, condensing light rays Q2 
emitted from the second light source unit in the proximity of 
the center of paraxial curvature of a surface B to be 
examined, situated on the opposite side of the surface A; a 
second angle changing means for rendering the rays Q2 
emitted from the second light source unit incident on the 
surface B at angles 62i (i:1, 2, . . . , N) With the optical axis 
AX; a second light-splitting element interposed betWeen the 
second angle changing means and the holding tool; a second 
imaging lens collecting light re?ected by the second light 
splitting element; and a second light-detecting element 
detecting the situation of light collected by the second 
imaging lens. The arithmetical unit includes the processes of 
storing spot positions P2mi (i:1, 2, . . . , N) derived from the 
second light-detecting element With respect to light rays Q2i 
(i:1, 2, . . . , N) produced by the second angle changing 
means; calculating spot positions P2i (i:1, 2, . . . , N) relative 
to the rays Q2i (i:1, 2, . . . , N) on the basis of the design 
data of the surface B; calculating the amount of eccentricity 
of the surface B from amounts of shift AP2i (i:1, 2, . . . , N) 

betWeen the spot positions P2i (i:1, 2, . . . , N) and the spot 
positions P2mi (i:1, 2, . . . , N); and calculating the 
face-to-face eccentricity of the aspherical lens by using the 
amounts of eccentricity of the ?rst surface A to be examined 
and the second surface B to be examined. 
The method for measuring the eccentricity of the aspheri 

cal surface, according to the present invention, comprises 
the steps of ?nding an inclination angle shift change func 
tion g A Shl?(y) on the basis of the design data of the surface 
A of the aspherical lens; ?nding an inclination angle tilt 
change function g A ?lt(y) on the basis of the design data of 
the surface A of the aspherical lens; actually measuring an 
inclination angle distribution of a tangent of the surface A of 
the aspherical lens; ?nding an inclination angle change 
function g2 (6A, [3A, y) that is a difference betWeen the 
inclination angle distribution of the surface A and the 
inclination angle distribution of the surface A in a nonec 
centric state that is the design value, on the basis of the result 
obtained in the actually measuring step; performing ?tting of 
the inclination angle change function g2 (6A, [3A, y) to a 
function expressed by a otgA Shl?(y)+[3gA ?lt(y); and ?nding 
the amounts of shift and tilt (6A, eA):(0t6AO, [3eAO) of the 
eccentricity of the surface A from 0t and [3 found by the 
?tting. 

Here, the inclination angle shift change function g A Shl?(y) 
refers to a function found by a difference betWeen the 
inclination angle distribution Where the surface A is moved 
in parallel by the amount of unit shift 6A0 and the inclination 
angle distribution in the noneccentric state. The inclination 
angle tilt change function g A ?lt(y) refers to a function found 
by a difference betWeen the inclination angle distribution 
Where the surface A is rotated and moved With the amount 
of unit tilt 6A0 and the inclination angle distribution in the 
noneccentric state. The inclination angle change function g2 
(6A, [3A, y) is a difference betWeen the inclination angle 
distribution of the surface A based on the actual measure 
ment and the inclination angle distribution in the noneccen 
tric state that is the design value. 

The method for measuring the eccentricity of the aspheri 
cal surface, according to the present invention, comprises 
the steps of ?nding an inclination angle shift change func 
tion gB Shl?(y) on the basis of the design data of the surface 
B situated on the opposite side of the surface A of the 
aspherical lens in the above method; ?nding an inclination 
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angle tilt change function gB ?lt(y) on the basis of the design 
data of the surface B of the aspherical lens; actually mea 
suring an inclination angle distribution of a tangent of the 
surface B of the aspherical lens; ?nding an inclination angle 
change function g2 (65, [35, y) that is a di?‘erence betWeen 
the inclination angle distribution of the surface B and the 
inclination angle distribution of the surface B in a nonec 
centric state that is the design value, on the basis of the result 
obtained in the actually measuring step; performing ?tting of 
the inclination angle change function g2 (65, [35, y) to a 
function expressed by 0t gB Shl?(y)+[3gB ?lt(y); ?nding the 
amounts of shift and tilt (6B, eB):(0t6BO, [3650) of the 
eccentricity of the surface B from 0t and [3 found by the 
?tting; and ?nding a face-to-face eccentricity (esA-zsB, eA-eB) 
of the aspherical lens from the amounts of eccentricity of the 
surfaces A and B. 

Here, the inclination angle shift change function g B Shl?(y) 
refers to a function found by a di?‘erence betWeen the 
inclination angle distribution Where the surface B is moved 
in parallel by the amount of unit shift 650 and the inclination 
angle distribution in the noneccentric state. The inclination 
angle tilt change function g B ?lt(y) refers to a function found 
by a di?‘erence betWeen the inclination angle distribution 
Where the surface B is rotated and moved by the amount of 
unit tilt E50 and the inclination angle distribution in the 
noneccentric state. The inclination angle change function g2 
(65, [35, y) is a di?‘erence betWeen the inclination angle 
distribution of the surface B based on the actual measure 
ment and the inclination angle distribution in the noneccen 
tric state that is the design value. 

The features and advantages of the present invention Will 
become apparent from the folloWing detailed description of 
the preferred embodiments When taken in conjunction With 
the accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a vieW shoWing schematically a ?rst embodi 
ment of the apparatus for measuring the eccentricity of the 
aspherical surface according to the present invention; 

FIGS. 2A and 2B are explanatory vieWs for comparison of 
re?ected light from a spherical surface and an aspherical 
surface Where condensed light is incident on the center of 
(paraxial) curvature, shoWing the traveling paths of the 
re?ected light Where surfaces to be examined are spherical 
and aspherical, respectively; 

FIG. 3 is a vieW shoWing schematically a second embodi 
ment of the apparatus for measuring the eccentricity of the 
aspherical surface; 

FIG. 4 is a vieW shoWing schematically a third embodi 
ment of the apparatus for measuring the eccentricity of the 
aspherical surface; 

FIG. 5 is a vieW shoWing schematically a fourth embodi 
ment of the apparatus for measuring the eccentricity of the 
aspherical surface; 

FIGS. 6A and 6B are explanatory vieWs shoWing states 
Where an aspherical axis is made to coincide With a Z axis 
and the aspherical surface, With an x-y plane as a tangent 
plane, is vieWed as a y-Z section, indicating the amounts of 
shift and tilt relative to a noneccentric state and arbitrary 
eccentricity, the section of the aspherical surface of the 
noneccentric state, the section of the aspherical surface With 
shift eccentricity, and the section of the aspherical surface 
With tilt eccentricity; 

FIG. 7 is a graph shoWing the inclination angle shift 
change function and the inclination angle tilt change func 
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4 
tion Where the eccentricities of the aspherical surface With a 
shift of 1 pm and a tilt of 0.1 minutes, shoWn in Table 1, are 
separately produced; 

FIG. 8 is a graph shoWing a comparison betWeen the 
inclination angle change function obeying Equation (3) 
Where the eccentricities of the aspherical surface With a shift 
of 1 um and a tilt of 0.1 minutes, shoWn in Table 1, are 
produced simultaneously and the inclination angle change 
function obeying Equation (6) expressed by the sum of the 
inclination angle shift change function and the inclination 
angle tilt change function, shoWn in FIG. 7; 

FIG. 9 is a graph shoWing a comparison betWeen the 
inclination angle change function obeying Equation (3) 
Where the eccentricities of the aspherical surface With a shift 
of 100 um and a tilt of 100 minutes, shoWn in Table 1, are 
produced simultaneously and the inclination angle change 
function obeying Equation (6) expressed by the sum of the 
inclination angle shift change function and the inclination 
angle tilt change function, shoWn in FIG. 7 and multiplied by 
100 and 1000, respectively; 

FIG. 10 is a graph shoWing the inclination angle shift 
change function and the inclination angle tilt change func 
tion Where the eccentricities of the aspherical surface With a 
shift of 1 um and a tilt of 0.1 minutes, shoWn in the ?rst roW 
of Table 2, are separately produced; 

FIG. 11 is a graph shoWing a comparison betWeen the 
inclination angle change function obeying Equation (3) 
Where the eccentricities of the aspherical surface With a shift 
of 100 um and a tilt of 30 minutes, shoWn in the ?rst roW of 
Table 2, are produced simultaneously and the inclination 
angle change function obeying Equation (6) expressed by 
the sum of the inclination angle shift change function and the 
inclination angle tilt change function, shoWn in FIG. 10 and 
multiplied by 100 and 300, respectively; 

FIG. 12 is a graph shoWing the inclination angle shift 
change function and the inclination angle tilt change func 
tion Where the eccentricities of the aspherical surface With a 
shift of 1 um and a tilt of 0.1 minutes, shoWn in the second 
roW of Table 2, are separately produced; 

FIG. 13 is a graph shoWing a comparison betWeen the 
inclination angle change function obeying Equation (3) 
Where the eccentricities of the aspherical surface With a shift 
of 30 um and a tilt of 20 minutes, shoWn in the second roW 
of Table 2, are produced simultaneously and the inclination 
angle change function obeying Equation (6) expressed by 
the sum of the inclination angle shift change function and the 
inclination angle tilt change function, shoWn in FIG. 12 and 
multiplied by 30 and 200, respectively; 

FIG. 14 is a graph shoWing the inclination angle shift 
change function and the inclination angle tilt change func 
tion Where the eccentricities of the aspherical surface With a 
shift of 1 pm and a tilt of 0.1 minutes, shoWn in the third roW 
of Table 2, are separately produced; 

FIG. 15 is a graph shoWing a comparison betWeen the 
inclination angle change function obeying Equation (3) 
Where the eccentricities of the aspherical surface With a shift 
of 20 um and a tilt of 4 minutes, shoWn in the third roW of 
Table 2, are produced simultaneously and the inclination 
angle change function obeying Equation (6) expressed by 
the sum of the inclination angle shift change function and the 
inclination angle tilt change function, shoWn in FIG. 14 and 
multiplied by 20 and 40, respectively; 

FIG. 16 is a vieW shoWing schematically the apparatus for 
measuring the eccentricity of the aspherical surface in 
Embodiment 1 of the present invention; 

FIG. 17 is an explanatory vieW shoWing schematically an 
angle changing means used in the apparatus for measuring 
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the eccentricity of the aspherical surface according to 
Embodiment 2 of the present invention; 

FIG. 18 is a plan vieW showing a mirror unit used in the 
angle changing means of the apparatus for measuring the 
eccentricity of the aspherical surface according to Embodi 
ment 3 of the present invention; 

FIG. 19 is a vieW shoWing schematically the apparatus for 
measuring the eccentricity of the aspherical surface in 
Embodiment 4 of the present invention; and 

FIG. 20 is a vieW shoWing the case Where the angular 
change of light rays is enlarged by the angular magni?cation 
of afocal lenses. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

FIG. 1 shoWs the ?rst embodiment of the apparatus for 
measuring the eccentricity of the aspherical surface accord 
ing to the present invention. 

The apparatus for measuring the eccentricity of the 
aspherical surface, as shoWn in FIG. 1, comprises a mea 
suring section 1 measuring the eccentricity of a surface Ato 
be examined, of an aspherical lens TL; a holding means 3 
holding the aspherical lens TL; and an arithmetical unit 4. 
Here, the aspherical lens TL is an object to be measured. 

The measuring section 1 includes a light source unit 11, 
an angle changing means 12, a condenser lens 13, a light 
splitting element 14, a collimator lens 15, an imaging lens 
16, and a light-detecting element 17. Here, the light source 
unit 11 is constructed so that collimating light Q1 is pro 
duced. The condenser lens 13 serves to condense the rays Q1 
emitted from the light source unit 11 toWard the aspherical 
lens TL. More speci?cally, the arrangement of the condenser 
lens 13 is made such that the rays Q1 are condensed in the 
proximity of a center PA of paraxial curvature of the surface 
A to be examined. 

The angle changing means 12 is interposed betWeen the 
light source unit 11 and the condenser lens 13. The angle 
changing means 12 is such as to make the rays Q1 emitted 
from the light source unit 11 emerge at different angles. The 
rays Q1 are incident on the surface A at different angles 
through the angle changing means 12 and the condenser lens 
13. Also, rays emerging from the angle changing means 12 
are denoted by Q1i (iIl, 2, . . . , N). 

The rays Q1i (iIl, 2, . . . , N) emerging from the angle 
changing means 12 are incident on the condenser lens 13. 
Here, the angle changing means 12 and the condenser lens 
13 are constructed so that the rays Q1i (iIl, 2, . . . , N) are 

entered into on the surface A at angles Gli (iIl, 2, . . . , N) 
With an optical axis AX. The light-splitting element 14 is 
interposed betWeen the condenser lens 13 and the aspherical 
lens TL. This light-splitting element 14 is a beam splitter, for 
instance. Each of the rays Q1i (iIl, 2, . . . , N) incident on 
the light-splitting element 14 is such that part of the ray is 
transmitted and the remaining potion is re?ected. The rays 
Q1i (iIl, 2, . . . , N) transmitted through the light-splitting 
element 14 are incident on the aspherical lens TL and are 
condensed in the proximity of the center PA of paraxial 
curvature of the surface A to be examined. 
Of the rays incident on the aspherical lens TL, rays Q1i' 

(iIl, 2, . . . , N) re?ected by the surface A are turned back 
to the light-splitting element 14 and are then re?ected by the 
light-splitting element 14. The rays Q1i' (iIl, 2, . . . , N) are 
incident on the collimator lens 15. By the collimator lens 15, 
the rays Q1i' (iIl, 2, . . . , N) are converted into nearly 
parallel light. The rays Q1i' (iIl, 2, . . . , N) converted into 
nearly parallel light are incident on the imaging lens 16. By 
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6 
the imaging lens 16, each ray Q1i' (iIl, 2, . . . , N) is focused 
at a given position. At this preset position, the light-detecting 
element 17 is placed. Thus, the spot position of the rays Q1i' 
(iIl, 2, . . . , N) can be detected by the light-detecting 
element 17. 

In the apparatus for measuring the eccentricity of the 
aspherical surface of the ?rst embodiment constructed as 
mentioned above, the collimating light Q1 emitted from the 
light source unit 11 propagates in turn along the optical paths 
at different distances aWay from the optical axis AX through 
the angle changing means 12. The light is converted into the 
rays Q1i (iIl, 2, . . . , N) that angles made With the optical 
axis AX are Gli (iIl, 2, . . . , N), through the condenser lens 

13. The rays Q1i (iIl, 2, . . . , N) are incident in the 
proximity of the center PA of paraxial curvature of the 
surface A of the aspherical lens TL. Whereby, the rays Q1i' 
(iIl, 2, . . . , N) re?ected by the surface A are produced. The 

rays Q1i' (iIl, 2, . . . , N) are condensed on the light 
detecting element 17 through the light-splitting element 14, 
the collimator lens 15, and the imaging lens 16. 

Here, in accordance With FIGS. 2A and 2B, reference is 
made to the principle that the amount of eccentricity of the 
surface A to be examined is found from spot positions Plmi 
of the rays Q1i' (iIl, 2, . . . , N). 

It is noW assumed that the surface A of the aspherical lens 
TL is not the aspherical surface, but a spherical surface S. In 
this case, the traveling paths of the rays Q1i' (iIl, 2, . . . , 
N) are as shoWn in FIG. 2A. 
When the rays Q1i (iIl, 2, . . . , N) are condensed toWard 

a center E0 of curvature of the spherical surface S, the rays 
Q1i' (iIl, 2, . . . , N) re?ected by the spherical surface S, after 
passing through the collimator lens 15, become mutually 
parallel. The parallel rays are condensed in the proximity of 
a back focal plane F12 of the imaging lens 16. In this case, 
the light-detecting element 17 is situated at their condensing 
position, and the rays are condensed at the same point on the 
detecting surface. 
When the surface A to be examined is the spherical 

surface S, the angle of incidence of each of the rays Q1i (iIl, 
2, . . . , N) on the spherical surface S and the angle of 

re?ection of each of the rays Q1i' (iIl, 2, . . . , N) at the 
spherical surface S are both Zero. Consequently, the rays 
Q1i' (iIl, 2, . . . , N), after re?ection from the spherical 
surface S, turn back the traveling paths coinciding With the 
incident paths. The rays are then re?ected by the light 
splitting element 14 and, upon passing through the collima 
tor lens 15, become parallel With the optical axis of the 
imaging lens 16. Therefore, When the rays are collected by 
the imaging lens 16, they are condensed at the same point 
(position). 
On the other hand, it is assumed that the surface B to be 

examined, as shoWn in FIG. 2B, is the aspherical surface. In 
this case, the angle of incidence of each of the rays Q1i (iIl, 
2, . . . , N) on the aspherical surface takes the value different 

from Zero, depending on its incident position. Hence, the 
angle of re?ection of each of the rays Q1i' (iIl, 2, . . . , N) 
at the aspherical surface is also different from Zero. Conse 
quently, the rays Q1i' (iIl, 2, . . . , N) turn back the traveling 
paths different from the incident paths. The rays are re?ected 
by the light-splitting element 14 and, upon passing through 
the collimator lens 15, fail to become parallel With the 
optical axis of the imaging lens 16. Therefore, When the rays 
Q1i' (iIl, 2, . . . , N) are collected by the imaging lens 16, 
they are not condensed at the same point (position). 
As mentioned above, the position of a condensed point (a 

spot) varies With the rays Q1i' (iIl, 2, . . . , N). Here, the spot 
position ofthe rays Q1i' (iIl, 2, . . . , N) is denoted by Plmi 
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(iIl, 2, . . . , N). Such spot positions Plmi (iIl, 2, . . . , N) 

indicate the pro?le and eccentric condition of the spherical 
surface. It becomes thus possible that the spot positions are 
used to thereby measure the eccentricity of the surface A to 
be examined. The spot positions Plmi (iIl, 2, . . . , N) are 
detected and stored by the light-detecting element 17. 

Subsequently, a description is given of hoW the measured 
result is processed. In the arithmetical unit 4, the design data 
of the surfaceAto be examined, of the aspherical lens TL are 
previously input (stored). Thus, the spot positions Pli (iIl, 
2, . . . , N) ofthe rays Qli' (iIl, 2, . . . ,N) Where the surface 

A has no eccentricity are calculated on the basis of the 
design data. In this case, the spot positions Pli (iIl, 
2, . . . , N) may be previously calculated. 

On the other hand, the surface A has unknown eccentric 
ity, and its information is contained in the spot positions 
Plmi (iIl, 2, . . . , N). Therefore, it can be easily supposed 
that a difference betWeen each of the spot positions Pli (iIl, 
2, . . . , N) and each of the spot positions Plmi (iIl, 
2, . . . , N) is responsible for the eccentricity of the surface 
A. Thus, from the difference betWeen the spot position Pli 
(iIl, 2, . . . , N) and the spot position Plmi (iIl, 2, . . . , N), 
the inclination angle change function of the surface A is 
found. From the feature of this function, the amount of 
eccentricity of the surface A is found. 

Also, the inclination angle change function refers to a 
function expressing the amount of variation of a tangent or 
normal angle by the eccentricity of the aspherical surface. 
The coordinate system of the inclination angle change 
function to be used is ?xed With respect to the eccentricity. 

FIG. 3 shoWs the second embodiment of the apparatus for 
measuring the eccentricity of the aspherical surface accord 
ing to the present invention. 

The apparatus for measuring the eccentricity of the 
aspherical surface according to the second embodiment, as 
shoWn in FIG. 3, comprises the ?rst measuring section 1 
measuring the eccentricity of the surface A to be examined, 
of the aspherical lens TL; a second measuring section 2 
measuring a surface B to be examined; the holding means 3 
holding the aspherical lens TL; and the arithmetical unit 4. 
The ?rst measuring section 1 has the same construction as in 
FIG. 1. The second measuring section 2 is also designed to 
be the same as the ?rst measuring section 1. Speci?cally, the 
second measuring section 2 also includes a second light 
source unit 21, a second angle changing means 22, a second 
condenser lens 23, a second light-splitting element 24, a 
second collimator lens 25, a second imaging lens 26, and a 
second light-detecting element 27. The second light source 
unit 21 is constructed so that collimating light Q2 is pro 
duced. The second condenser lens 23 serves to condense the 
rays Q2 emitted from the second light source unit 21 toWard 
the aspherical lens TL. More speci?cally, the arrangement of 
the condenser lens 23 is made such that the rays Q2 are 
condensed in the proximity of a center FB of paraxial 
curvature of the surface B to be examined. 

The second angle changing means 22 is interposed 
betWeen the second light source unit 21 and the second 
condenser lens 23. The second angle changing means 22 is 
such as to make the rays Q2 emitted from the second light 
source unit 21 emerge at different angles. The rays Q2 are 
incident on the surface B at different angles through the 
angle changing means 22 and the condenser lens 23. Also, 
rays emerging from the second angle changing means 22 are 
denoted by Q2i (iIl, 2, . . . , N). 

The rays Q2i (iIl, 2, . . . , N) emerging from the second 
angle changing means 22 are incident on the second con 
denser lens 23. The second angle changing means 22 and the 
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8 
second condenser lens 23 are constructed so that the rays 
Q2i (iIl, 2, . . . , N) are rendered incident on the surface B 

at angles 62i (iIl, 2, . . . , N) With an optical axis AX. The 

second light-splitting element 24 is interposed betWeen the 
second condenser lens 23 and the aspherical lens TL. The 
light-splitting element 24 is a beam splitter, for instance. 
Each of the rays Q2i (iIl, 2, . . . , N) incident on the second 
light-splitting element 24 is such that part of the ray is 
transmitted and the remaining potion is re?ected. The rays 
Q2i (iIl, 2, . . . , N) transmitted through the second 
light-splitting element 24 are incident on the aspherical lens 
TL and are condensed in the proximity of the center FB of 
paraxial curvature of the surface B to be examined. 

Of the rays incident on the aspherical lens TL, rays Q2i' 
(iIl, 2, . . . , N) re?ected by the surface B are turned back 

to the second light-splitting element 24 and are then 
re?ected by the second light-splitting element 24. The rays 
Q2i' (iIl, 2, . . . , N) are incident on the second collimator 

lens 25. In the second collimator lens 25, the rays Q2i' (iIl, 
2, . . . , N) are converted into nearly parallel light. The rays 

Q2i' (iIl, 2, . . . , N) converted into nearly parallel light are 
incident on the second imaging lens 26. By the second 
imaging lens 26, the rays Q2i' (iIl, 2, . . . , N) are condensed 
at a preset position. At this preset position, the second 
light-detecting element 27 is placed. Thus, the spot position 
of the rays Q2i' (iIl, 2, . . . , N) can be detected by the second 
light-detecting element 27. 

In the second measuring section constructed as mentioned 
above, the collimating light Q2 emitted from the second 
light source unit 21 propagates in turn along the optical paths 
at different distances aWay from the optical axis AX through 
the second angle changing means 22. The light is converted 
into the rays Q2i (iIl, 2, . . . , N) that angles made With the 
optical axis AX are 62i (iIl, 2, . . . , N), through the second 

condenser lens 23. The rays Q2i (iIl, 2, . . . , N) are incident 
in the proximity of the center FB of paraxial curvature of the 
surface B of the aspherical lens TL. Whereby, the rays Q2i' 
(iIl, 2, . . . , N) re?ected by the surface B are produced. The 
rays Qli' (iIl, 2, . . . , N) are condensed on the second 

light-detecting element 27 through the second light-splitting 
element 24, the second collimator lens 25, and the second 
imaging lens 26. Here, the spot positions P2mi (iIl, 
2, . . . , N) ofthe rays Qli' (iIl, 2, . . . , N) are detected and 

stored by the second detecting element 27. 
Subsequently, a description is given of hoW the measured 

result is processed. The surface A is as described in the ?rst 
embodiment. In the surface B also, the same processing is 
performed. In the arithmetical unit 4, the design data of the 
surface B to be examined, of the aspherical lens TL are 
previously input (stored). Thus, the spot positions P2i (iIl, 
2, . . . ,N) ofthe rays Qli' (iIl, 2, . . . ,N) Where the surface 
B has no eccentricity are calculated on the basis of the 
design data. In this case, the spot positions P2i (iIl, 
2, . . . , N) may be previously calculated. 

On the other hand, the surface B has unknoWn eccentric 
ity, and its information is contained in the spot positions 
P2mi (iIl, 2, . . . , N). Therefore, it can be easily supposed 
that a difference betWeen each of the spot positions P2i (iIl, 
2, . . . , N) and each of the spot positions P2mi (iIl, 
2, . . . , N) is responsible for the eccentricity of the surface 
B. Thus, from the difference betWeen the spot position P2i 
(iIl, 2, . . . , N) and the spot position P2mi (iIl, 2, . . . , N), 

the inclination angle change function of the surface B is 
found. From the feature of this function, the amount of 
eccentricity of the surface B is found. The inclination angle 




















